Ultrasound assisted extraction (UAE
Introduction
Perilla (Perilla frutescens) is widely used in Asia as a traditional medicine and functional food (Igarashi and Miyazaki, environmental friendliness (Barba et al., 2016; Tao et al., 2014) .
The enhancement of extraction rate by UAE is mainly due to the acoustic cavitations produced by ultrasonic waves, which increase penetration of solvent into the plant material (Romanik et al., 2007; Adjé et al., 2010) . Literature studies have reported the effects of different acids on extraction efficiency of anthocyanins and concentration of anthocyanin products by cross-flow microfiltration and reverse osmosis (Meng et al., 2008) . However, the effect of UAE on total phenolic and anthocyanin yield from perilla leaves has not been reported.
The extraction solvent, time, temperature, and liquid-to-solid ratio have great impact on polyphenol and anthocyanin yields, and the interaction of these factors determines the extraction rate. It is therefore necessary to use a comprehensive evaluation method to identify the best extraction conditions. Response surface methodology (RSM) is used to establish models between factors and responses using mathematical and statistical methods (Karacabey and Mazza, 2010; Bassani et al., 2014) . The advantage of RSM is that it can take into account the interactions of independent variables and predict optimal conditions (Prasad et al., 2011; Xu et al., 2013; Sharif et al., 2014) . RSM has been widely used to optimize extraction conditions of phytochemicals from natural sources (Xu and Bao, 2014; Teng et al., 2014) . To the best of our knowledge, there is no literature on the use of RSM to optimize extraction of phenolic compounds and anthocyanins from perilla leaves using UAE.
In this study, we have evaluated the effects of four factors (ethanol concentration, liquid-to-solid ratio, temperature, and time) on extraction yield, and optimized the extraction process using RSM. In addition, the crude extract was purified using XAD-7 resin. The antioxidant properties of the purified extract were analyzed using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 3-ethylbenzo-thiazoline-6-sulphonate (ABTS) radical scavenging capacity assays.
Material and Methods
Materials and reagents P. frutescens leaves were collected in August 2015 from experimental plots at North University of China (Taiyuan, Shanxi Province, China). The leaves were air-dried and thoroughly milled into powder with a particle size lower than 0.6 mm. The powder was sealed in plastic bags and stored at 4℃ before analysis.
2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2̕ -azino-bis Extraction of phenolic compounds and anthocyanins 1 g of powdered perilla leaves was usually extracted using 80% (v/v) ethanol acidified by the addition of HCl to 0.1% and mixed well.
The extraction was performed in an ultrasonic bath (SB-5200 DTDN, 300 W Xinzhi Ltd., Ningbo, China) at 50℃ for 30 min with a liquid-to-solid ratio of 20:1 (mL/g). After processing, the extract was centrifuged at 5200 × g for 15 min (TDL-60B, Anting, Shanghai, China). The supernatant was transferred to a glass vial and stored at 4℃ before analysis.
Single factor experiments Prior to extraction optimization, the upper and lower values of variables were determined by single factor experiments. The effect of ethanol concentration on extraction-related variables was determined at 50%, 60%, 70%, 80% and 90% (0.1% HCl) at 50℃ for 30 min with a liquid-to-solid ratio of 20:1. The effect of liquid-to-solid ratio was determined at different ratios (5:1, 10:1, 15:1, 20:1 and 25:1) using 80% ethanol (0.1% HCl) at 50℃ for 30 min. The effect of extraction temperature was determined at 20℃, 30℃, 40℃, 50℃ and 60℃ using 80% ethanol (0.1% HCl) with a liquid-to-solid ratio of 20:1 for 30 min. Finally, the effect of extraction time was determined at 15, 30, 45, 60 and 75 min using 80% ethanol (0.1% HCl) with a liquid-to-solid ratio of 20:1 at 50℃.
Experimental design Based on the single factor experiments, a Box-Behnken Design (BBD) method was used to evaluate effects on the extraction yield of four independent variables: ethanol concentration (X 1 ), liquid-to-solid ratio (X 2 ), extraction temperature (X 3 ), and extraction time (X 4 ). The independent variables were coded at three levels (−1, 0, and 1). Total phenolic content (TPC) and total anthocyanins content (TAC) were selected as the response variables (Y). The design, with three levels and four variables (27 experiments), included five replicates of central points to assess lack of fit. Determination of TAC and TPC The TPC was determined using the Folin-Ciocalteu method according to the literature (Dewanto et al., 2002) . Results are expressed as gallic acid equivalent per g of dry weight (mg GAE/g DW). The TAC was determined using a pH differential method according to the literature (Lee, 2005) . Absorbance was measured at 520 nm and 700 nm using a spectrophotometer (UV9600, Bobang Co.,
Zhengzhou, China). Results are expressed as cyanidin-3-glucoside equivalent (CGE) per g of dry weight (mg CGE/g DW).
Partial purification 8 g of powdered perilla leaves was extracted under the optimal conditions. The supernatant was evaporated to remove ethanol at 50℃ on a rotary vacuum evaporator (SHZ-95B, Yuhua Ltd., Gongyi, China). The concentrated extract was adjusted to approximately 2.0 mg CGE/ mL with acidified water, and then was purified following the literature (Zhang et al., 2011) with some modifications. A glass column (1.0 cm × 20.0 cm) was filled with 6.0 g Amberlite XAD-7HP resin. The concentrated extract was slowly added to the resin.
The resin was washed with 120 mL of distilled water to remove sugars, aliphatic acids and other impurities. Subsequently, the absorbed phenolic compound and anthocyanins were eluted slowly with 30 mL of 60% (v/v) acidified water-ethanol solution. The eluate was collected, evaporated and freeze-dried (SCIENTZ-10N, Xinzhi Ltd., Ningbo, China) to provide the purified extract powder for further antioxidative analysis.
Analysis of antioxidant activity DPPH radical scavenging activity was measured as previously reported (Choi et al., 2000) , with some modifications. Briefly, 100 µL of diluted extract was mixed with 2.9 mL of fresh 60 μM DPPH in methanol. The mixture was allowed to stand in the dark for 30 min at room temperature prior to measuring absorbance at 517 nm. DPPH scavenging activity was calculated using the following formula, 
Results and Discussion
Single factor study The effect of ethanol concentration on extraction yield is shown in Fig. 1(A) . The extract solution was acidified with 0.1% aqueous HCl, since anthocyanins are stable under acidic conditions. The yields of TPC and TAC were highest when the ethanol concentration was increased to 80%. The yield decreased when the ethanol concentration was higher than 80%.
Therefore, the ethanol concentration ranging from70% to 90% was selected for optimization.
The influence of liquid-to-solid ratio on extraction yields is shown in Fig. 1(B) . Extraction yield increased as the liquid-to-solid ratio was increased to 20:1. The yield did not increase further when the liquid-to-solid ratio was increased from 20:1 to 25:1. Since an increase in the liquid-to-solid ratio increases solvent consumption, with consequent increased costs (Cissé et al., 2012) . Consequently, the liquid-to-solid ratio was selected was from 15:1 to 25:1 during optimization.
The influence of extraction temperature on yields is shown in Fig. 1(C) . Extraction yields increased with increasing temperature.
Taking into account the instability of anthocyanins, higher temperatures may be detrimental (Bianca et al., 2012) . As a result, the range of extraction temperature was between 40℃ and 60℃ for subsequent extraction optimization.
Increasing the extraction time increased yields ( Fig. 1(D) ), but the magnitude of the increase was small. The yield was not significantly increased when the extraction time was increased from 45 to 60 min. Long extraction times at high temperature degrade phenolic compounds [Şahin et al., 2013] , so extraction times between 30 and 60 min were selected for optimization.
Fitting the model The TPC and TAC responses are shown in The effects of X 1 , X 2 , X 1 X 2 , X 1 2 , X 2 2 , X 3 2 on TPC were highly significant (P < 0.01), and the effects of X 3 , X 3 X 4 , X 4 2 were significant (0.01 < P < 0.05), but the effects of X 4 , X 1 X 3 , X 1 X 4 , X 2 X 3 , X 2 X 4 were not significant (P > 0.05).
The effects of ethanol concentration, liquid-to-solid ratio, extraction temperature and time on TPC are shown in Fig. 2 . The effects of ethanol concentration and liquid-to-solid ratio are shown in Fig. 2(A) . The highest extraction yield was with an ethanol concentration of 75.06% and a liquid-to-solid ratio of 22.62:1.
With increasing ethanol concentration and liquid-to-solid ratio, the yield fell. This indicated that a balance was reached at a liquid-tosolid ratio of 22.62:1. Fig. 2(B) shows the effect of ethanol concentration and temperature on TPC. Increasing the temperature was beneficial at lower ethanol concentration (< 75.06%), but excessive increases led to lower extraction yields. The effects of extraction temperature and time and interaction of the two independent variables on TPC is shown in Fig. 2(C) . The separate and combined effects of the two independent variables on the extraction yield were different. As a result, the TPC yield was highest at 53.43℃ for 57.23 min (63.30 mg GAE/g) ( Table 3) . The effects of X 1 , X 2 , X 3 X 4 , X 1 2 , X 2 2 , X 3 2 , X 4 2 on TAC were highly significant (P < 0.01), the effects of X 3 , X 1 X 2 , X 2 X 4 were significant (0.01 < P < 0.05), and the effects of X 4 , X 1 X 3 , X 1 X 4 , X 2 X 3 were not significant (P > 0.05). Fig. 3 shows the effect of X 1 , X 2 , X 3 , and X 4 on TAC. Fig. 3(A) shows the effect of ethanol concentration and liquid-to-solid ratio on TAC at an extraction temperature of 50℃ with an extraction time of 45 min. As ethanol concentration and liquid-to-solid ratio increased, the TAC extraction yield increased. When the ethanol concentration exceeded 77.54%, the extraction yield of anthocyanins decreased. On the other hand, the liquid-to-solid ratio had a highly significant effect on extraction yield, and the system reached equilibrium at a ratio of 21.85:1. Fig. 3(B) shows the effect of ethanol concentration and extraction temperature on TAC. The highest extraction yield was obtained with an ethanol concentration of 77.54% and an extraction temperature of 52.28℃. Higher temperatures may increase mass transfer, increasing extraction rate, but when the temperature exceeds 52.28℃ the extraction rate is reduced, which may be related to the instability of anthocyanins.
RSM analysis of TAC
The interaction effect of extraction temperature and time was highly significant (Fig. 3(C) ). The yield increased with increasing (Table 3) . Also, the Pearson's correlation coefficients (r) of TPC and TAC were 0.9697. This date suggest that there is a strong correlation between phenolic compounds and anthocyanins extraction from perilla leaves. The result is consistent with that of Chen et al. (2015) . to be not significantly different (P > 0.05) using one-sample T test (Table 3) .
Optimization of extraction parameters and model validation
The strong cavitations effect of ultrasonic energy accelerates the diffusion process of phenolic compounds into to the extraction solvent. Ultrasonic extraction significantly shortens the required time and saves energy. Therefore, the ultrasonic assisted extraction method can improve extraction efficiency (Ghafoor et al., 2009) .
Additionally, the experimental were consistent with the predicted results. Therefore, the two quadratic polynomial models were reliable for optimizing the experimental protocols by RSM (Xu et al., 2013) .
Determination of antioxidant activity
After purification of crude extract with XAD-7 resin, the TPC and TAC of purified extract were 568.36 mg GAE/g and 81.37 mg CGE/g, respectively.
The antioxidant activities of purified extract were investigated using the DPPH and ABTS methods (Fig. 4) . Vitamin C was used as reference antioxidant. At a concentration of 100 μg/mL, the purified extract and vitamin C showed 89.26% and 95.12%
inhibition, respectively, in the DPPH assay. The IC 50 value (concentration of antioxidant that inhibits DPPH by 50%) of purified extract (19.88 μg/mL) was slightly higher than that of vitamin C (17.14 μg/mL). In addition, the IC 50 value in the ABTS assay of purified extract (81.75 μg/mL) was significantly higher than that of vitamin C (47.03 μg/mL). The results indicated that the antioxidant activity of purified extract is comparable to that of vitamin C, and that the extract is a natural antioxidant. 
Conclusions
The RSM method was successfully used to optimize ultrasound assisted extraction of total phenolics and anthocyanins from perilla leaves. The optimal conditions of ethanol concentration, liquid-tosolid ratio, extraction temperature and time were determined for maximum extraction yield of bioactive compounds. Under the optimal conditions, the TPC and TAC were 63.11 mg GAE/g and 6.44 mg CGE/g, respectively. The experimental data are consistent with the predicted values. The study indicates that ultrasonic treatment is a green process and effective for recovery of phenolic components and anthocyanins from perilla leaves. Moreover, the purified extract from perilla leaves exhibited potent antioxidant capacity. There is clearly potential for the utilization of perilla leaves in the pharmaceutical and food industries as a replacement for synthetic antioxidant and colorant.
